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WO 2006/032888 PCT/GB2005/003648 Cooling Methods and Apparatus
This invention relates to cooling methods and apparatus. In particular,
although not exclusively, this application relates to cooling methods and

wappasatggn the field of 5 information technology, such as cqQlipg:f8%os/003648

information technology servers. Traditionally IT servers have been cooled
using combination water/air systems, water being the primary coolant and
air being the secondary coolant. Cooled air is pumped by fans into the
floor void beneath the equipment and released into the room through

grilles 10 sited appropriat ?rouM %Fée({loor. Fans in the cabinets and on
the racks themselves draw 2B SHA4HAHEARBEGHS ment and heat

transfer takes place. Typical loads of 5 kW to 8 kW per 900 mm x 600
mm x 1800 mm equipment cabinet have been reached using these
cabinet depf;nds on

stems; generally the load produced by th lgé(;:
e e R AT R PR Lo PR e not
enign, and inherently safe, which makes it highly attractjve to building ,
%/(gfenq{sgghgtﬁseea r}}%ar Wélstt{\%le%s uté)eaoggl ?ﬁe‘%?%% ﬁ‘é%t%ﬁ?@?@? m”the field of
material.since,the cooling of IT equipment.began, and the industry is
o A o R T s

transistors have become smaller, and chip capacity has grown, the power
dissipation requirements of information technology or computing

SUARMRNLPE? JUOR 1HIP DA, e SRt BRRBIRRIGH (PRSI Wt water
being the primary coolant and air being the secondary coolant. Cooled air is pumped by
fans into the floor void beneath the equipment and released into the room through grilles
sited appropriately around the floor. Fans in the cabinets and on the racks themselves
draw airflow over the heated equipment and heat transfer takes place. Typical loads of 5
kW to 8 kW per 900 mm x 600 mm x 1800 mm equipment cabinet have been reached

using these systems; generally the load produced by the cabinet depends on the

processing power of the equipment contained therein,

Air is electrically benign, and inherently safe, which makes it highly attractive to building
systems engineers. Air has been used as the primary heat transfer material since the
cooling of IT equipment began, and the indusiry is geared to the exclusive use of air-

based systems.

However, as transistors have become smaller, and chip capacity has grown, the power
dissipation requirements of information technology or computing equipment has grown.

This has been greatly exacerbated recently by the development of blade servers which sit



vertically rather than horizontally in cabinets, and therefore can be packed
in at a far higher density. These servers can, even with current
technology, dissipate of the order of 18 kW per cabinet. With current
equipment, in as much as such loads gan be cooled at all, this requires
the use of extremely large volumes of air, which is energy inefficient, and
leads to Iarge installations which are noisy and unpleasant to work in, due

r{) ﬁc ver om alrvel aﬁltles m%kln the Imost |r%ho e In
VErig Tal 16 T1Z0Nt; H f? gf Iﬁ.ere Qre can at a fa:r
o co0 ese arge loads effec |vey server mdust

hgb@ndeea&e the space between adjacent cablnets, increasing the vqume
of air available, and the air flow around each cabinet, and to limit the
number of servers in each cabinet. This, however, leads to larger
Themstakationscandepravents fultraoly aniayedesing sakrere offadvaockes of 18 kW per
cSFCHISERIRIon ARERIIND 16 Aisl asnect OhNEICRI N e ot s
ere is provide Uter coo ing apparatus comprising a Pranste
re@ﬁ&ﬁﬁf@rmmﬁwmgmehehlrgams}‘mﬂmf an,dvdriclevapmag@mﬁ@ffwehngmd leads

fo ‘r‘%’grem HISL AT G I RRII e‘%&‘ ‘E‘gqi{ nelst {hiddaayortle, Wid a0d room

he evaporator IS a&lap arranged a Jaceht to the
airceriopities reguipibaspActaitivyg itdhaspeebld aspect, of the present
invention, there is provided a computer cooling apparatus comprising a
heat transfer circuit for containing a heat transfer fluid, and an evaporator
In fordeo thing Cotimgsaténrge) lvpdserftcviheteirthhd heatteansdesdiyibais kad to increase

thé’ Q %@Leﬁgfweemdgr@srmﬁﬁ%vm %E‘?#{_},D %B}E%é‘;&? 91'15895'?&% and the air

acent to the computer equipment. E iments of the presen
ﬂquemmd prslidesbiecte atidatiohitatiitdsopodgsibleficasers in each cabinet. This,

however, leads to larger installations and prevents full advantage being taken of advances

in server technology.

According to a first aspect of the present imvention, there is provided computer cooling
apparatus comprising a heat transfer circuit for containing a heat transfer fluid, and an
evaporator for cooling computer equipment, wherein the heat transfer fluid is a volatile
fluid, and wherein the evaporator i1s adapted to be arranged adjacent to the computer

equipment.

According to a second aspect, of the present invention, there is provided a computer
cooling apparatus comprising a heat transfer circuit for containing a heat transfer fluid,
and an evaporator for cooling computer equipment, wherein the heat transfer fluid is a
volatile fluid, and wherein the evaporator is adapted and disposed adjacent to the

computer equipment.

Embodiments of the present invention provide the realisation that it is possible to use
cooling media other than air in a secondary cooling circuit for use in high heat gain
applications of IT equipment. Furthermore, it realises that volatile fluids, such as carbon
dioxide, may be electrically benign and so may be used safely in such applications
despite the very high pressures, for carbon dioxide over 50 Bar, which are needed to

obtain adequate cooling.
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cooling media other than air in a secondary cooling circuit for use in high
heat gain applications of IT equipment. Furthermore, it realises that
volatile fluids, such as carbon dioxide, may be electrically benign and so

winensdsarissesl safely in such applications despite the very highepreesiiesnos4s

for carbon dioxide over 50 Bar, which are needed to obtain adequate
cooling. WO 2006/032888 PCTIGB2005/003648 3 Volatile fluids, such as
carbon dioxide, provide a very energy efficient means of providing
cooling, and so can cool cabinets having a much higher heat load. They

areoRitle N YiRIPRROUHBEY (&iSAUE, CHRION-CIPoEiaILhen efficient means of
compared to propelling large volumes of air through th equ‘%ﬁen , &d

thess oty recgagelaih oy AN dAMRIEH ARIBSOuGONIIISINAS g, They are

secondary circuit is operable to dissipate a heat transfer load of greater

thalsodddienteierabbnaigAtss1hapmaR.k Vs And S sinal 08 :
greater than 50 ka\%Bm k\jﬁ\?ﬁr even 18% k\ﬁ%lgr]e E)%ibg% e%.B{%{’ eég % propelling large

secdnter o€ wapMiRgiMmay QRpRRHENEMH Wed W) 1Gusd qaa@i@ef‘?%]%ow diameter

the bottom of a computer cabinet containing computer equipment:
segaszdary evaporator may be positioned on more than one, or indeed all
sides of the computer cabinet. It is even possible that the secondary
evaporator is positioned inside a computer cabinet containing 15
computer equipment. The secondary evaporator may be contained in a

h€ahexdeatgelrakinsiddhehodt ©6HRMNE fARINGHINAY RAMRESER load of greater
shroud positioned at its air inlet such that incoming air
than 20 kW, preferably greater than 30 kW, and dissipation of loads greater than 50 kW,

70 kW, or even 100 kW are possible.

The secondary evaporator may be positioned on any of the sides, the top or the bottom of
a computer cabinet containing computer equipment. The secondary evaporator may be
positioned on more than one, or indeed all sides of the computer cabinet. It is even
possible that the secondary evaporator is positioned inside a computer cabinet containing

computer equipment.

The secondary evaporator may be contained in a heat exchange cabinet, The heat
exchange cabinet may comprise a shroud positioned at its air inlet such that incoming air
is drawn from an adjacent side of the computer cabinet to that on which the heat exchange
cabinet is disposed. Additionally, or alternatively, the heat exchange cabinet may
comprise a shroud positioned at its air outlet such that outgoing air is expelled to an

adjacent side of the computer cabinet to that on which the heat exchange cabinet is

disposed.



is drawn from an adjacent side of the computer cabinet to that on which
the heat exchange 20 cabinet is disposed. Additionally, or alternatively,
the heat exchange cabinet may comprise a shroud positioned at its air
outlet such that outgoing air is expelled to an adjacent side of the
computer cabinet to that on whichgthe heat exchange cabinet is disposed.
4 The cabinet may comprise a plurality of fans to draw air through the
cabinet. The cabinet may comprise a perforated panel sandwiched
TREMMIGRR e Seaapraly: SvaRataloranddheRaHPMRRItahinglbitRe
secondary circuit may be operable at up to 25 Bar. Conveniently the
secondary circuit is operable at up to 50 Bar. Preferably the secondary

TR CUib ISP PREADIBAL M0 o S BRbatlie fﬁ@n%{&’\ﬁvﬁﬁpr@%%ﬁﬁhe secondary

comprise a_heat exchanger constructed of a copper and aluminium firmed
VBT AR ARG R &7 HETBFES §BPE Rsted at or above 100 Bar. The secondary

evaporator may comprise interlaced coils with dual pipework. Preferably

the volatile fluid is carbon dioxide. The temperature of the carbon dioxide

The csRUER IR SEE Bk e ORFRfo Py Ben tHE rdofBNBEetE Yothp econdary
ik BUPseeNilyS i therggmpefbictke dQbnmisfeiahi beigrable at up to 75

substantially 14C. Such computer cooling equipment may be of particular
#se for a computer server especially a blade server. Secondary circuits,
secondary evaporators and heat exchange cabinets are also provided by

embodiments of the invention for yse in the cooling systems outlin$d
T}a%a%p_nslary evaporator may comprise a heat exchanger” constructed of a copper and

aluminium finned coil. The coil may be pressure tested at or above 100 Bar. The

secondary evaporator may comprise interlaced coils with dual pipework.

Preferably the volatile fluid is carbon dioxide. The temperature of the carbon dioxide
received at the secondary evaporator may be in the region of 0°C to 30°C and

conveniently is in the region of 12°C to 16°C, preferably being substantially 14°C.

Such computer cooling equipment may be of parficular use for a computer server

especially a blade server.

Secondary circuits, secondary evaporators and heat exchange cabinets are also provided

by embodiments of the invention for use in the cooling systems outlined above.



Embodiments of the present invention further provide a computer
installation comprising a plurality of computer equipment contained in a
plurality of computer cabinets and computer cooling equipment as
described above. According to a third aspect of the present invention,
there is provided a computer equipment housing, the housing including a
heat exchanger which is adapted to form part of a heat transfer circuit
containing a heat transfer fluid, wherein the heat transfer fluid comprises

avelatiladhud Areferabbs catbandigxide. rapdavhgrsindhehe@imputer  installation
exchanger is arranged to be disposed adjacent the computer equipment in

AREEEIAG PEEEHNg tSORIHRh SEPRREBE HRNEHESE Nt iy KB thete Femputer
pasMicRd A PetlRfp L canline eamRiak QRWPIRENLESRPrising: circulating

a fluid through a heat transtfer circuit to a heat exchanger which is
disposed adjacent to the computer equipment, wherein the fluid is a

volatilgdlich preferablyearbonwiodeeecrrrding1o @mbodiperigaf Meomputer

resent invention there, is provided a housing for computer equipment

gammd*aww&ha%m AriHADE Ay RF R HEThaRR ey rtha atdpied to form

S¥ahang akds gisResed Reveandneputeriayesand iadnnefcyerhd Meat transfer
housing may comprise a heat exchanger as described above. The

HOSISETREY Hade VARG SHRS, R15EHBAY sHaRAfg ARSI Rforissrin the heat
RO e QI EealtwBICH SURRTISE athe: thitelolayatarddheniiien d¥eousing.

The housing may have a cooling capacity of up to 20 kW per 900 mm
long per 600 mm wide x 1800 mm high cabinet. Conveniently the housing

has@diagiRgLCanaditya9iup 19 B:kMéner 900-Mmivrianerpas GROvIABA Wideethod of
x 1800 mm high cabjnet. The housing may comprise_integral distribution

BRI RO LT G RS SR S IR e B e At TSRSk jgoat transfer
previded aniiscenshiapingwhiih Gendpsising amiplfdniet atkeabmputer equipment,

TiandRe AR IR T 2 e RoabS Y arooh dioxide.

According to embodiments of the present invention there is provided a housing for
computer equipment comprising an outer layer and an inner layer characterised in that a

heat exchanger is disposed between the outer layer and the inner layer.

The housing may lcomprise a heat exchanger as described above. The housing may have
a top, sides, a bottom, shelving and a front or rear door, one or more of which comprise
the outer layer and the inner layer. The housing may have a cooling capacity of up to 20
kW per 900 mm long per 600 mm wide x 1800 mm high cabinet. Conveniently the
housing has a cooling capacity of up to 50 kW per 900 mm long per 600 mm wide x

1800 mm high cabinet. The housing may comprise integral distribution pipework.

According to embodiments of the present invention there is provided an air conditioning
unit comprising an air inlet, a heat exchanger, which forms part of a secondary heat

transfer circuit and an air outlet comprising an induction jet having a plurality of nozzles



transfer circuit and an air outlet comprising an induction jet having a

plurality of nozzles 6 characterised in that a heat transfer fluid flowing

through the secondary circuit is a volatile fluid. Preferably the volatile fluid

is carbon dioxide. The air conditioningémit may be operable at a pressure

of up to 50 Bar. Conveniently the air conditioning unit is operable at a

pressure of up to 75 Bar. The temperature of the volatile fluid may be in

the reqgion of 0,30C., convenieatly, i eqi to.16
crlSERET dn el i ORI BRI Rty cieuit is
vlatisstiedof Preheadyite obB0ite 200 Raarbonviniadtly in the region of 50

to 100 Pa, preferably substantially 80 Pa. The heat exchanger may

comprise copper pipework and aluminium fins. The heat exchanger may
The spexablditainguwitroywithoptshifaterceedensationn ThétBar. Conveniently

conditionj i . . [ [ kKW per jet.
S B of i o 50 kw

per jet. According to embodiments of the present invention there is
Tz;'éo%é@l grgt "S’f"%ﬂee\'r%[ﬂ&@tfﬁﬁm%%! 199 ARIr ek, R é“*"’(lotlétlﬁpépc%ﬁvenienﬂy

uct and a heat exchanger which forms part of a secondary heat transfer

ichsuitglvaraticriced it thhacizrabht srbatietailbid idwing in the heat

transfer circuit is a volatile fluid. Preferably the volatile fluid is carbon

dioxide. The air outlet may comprise an induction jet. The element may
The anletdngales Beamnerathabaildititr desrane mhybé&opeeadiedt ¥ to 200 Pa,

cDEGERILG IO &Eor%%c%aéf 5’(?1‘%56{69'¥atﬁ;{}re'i’éfﬁgif§]l%ﬂ%ﬂﬂﬂf? gppiable ata

pressure of up to 75 Bar. The temperature of the volatile fliid may be in
the region of 0 to 30C, conveniently in

The heat exchanger may comprise copper pipework and aluminium fins. The heat

exchanger may be operable to run with or without surface condensation.

The air conditioning unit may have a cooling capacity of up to 20 kW per jet. Preferably

the air conditioning unit has a cooling capacity of up to 50 kW per jet.

According to embodiments of the present imvention there 1s provided a building element
comprising an air inlet, an air outlet, an air duct and a heat exchanger which forms part
of a secondary heat transfer circuit characterised in that a heat transfer fluid flowing in

the heat transfer circuit is a volatile fluid. Preferably the volatile fluid is carbon dioxide.

The air outlet may comprise an induction jet. The element may be an elongate beam.



the region of 12 to 16C, preferably substantially 14C. The induction jet
may operate at a static pressure of in the region of 30 to 200 Pa,
conveniently in the region of 50 to 100 Pa, preferably substantially 80 Pa.
The heat exchanger may comprise coppgr pipework and aluminium fins.
The building element may comprise a housing for building services such
as lighting, lighting control, public address/voice alarm speakers, passive

nfrared dateciOifnSRURKIYI S RIS 2.5 & §RBSPOWE 6|6 e, TPeferably the
building element may have a capacity of up to 600 W/m, preferably

Buiding slareE0e WFHADIIR tBERASHCIP T 6r GUBBE-comprises an
induction jet, the building element may have a capacity of up to 800 W/m,
greferably substantially 800 W/m. According to embodiments of the

RESSHIRRASHIOM &P 2P GHMIOITBRARE i SREVBEIAN nfipfsiily (e Reayeniently in
gxchanges mhieh fermsppae:gbie sesansiamheatdranster circuit, and a

pIuraﬁty of fans, characterised in that a heat transfer fluid flowing through
the secondary circuit is a volatile fluid. Preferably the volatile fluid is

A anMIAlge VYA 2 OP6/H32888 RGTd GRANNG/Q0364BeBddIebf 30 to 200 Pa,

conditioning unit may comprise a heater. The air conditioning unit may be
BpeTEbR Y Aghssssietotind (o 36'B5%: PrRSRbI RS L 28hditiofing is
operable at a pressure of up to 75 Bar. 5 The temperature of the volatile

fluid may be in the region of 0 to 30C, conveniently in the regign of 12 to
18e hERESSPRBRRAUBATHRIMRBLE SRPRSHBEAEF &8 f}lﬁgé‘r&b‘ﬁ%gpﬁipework
and aluminiueding: Thevhea@hprise a housing for building services such as lighting,

lighting control, public address/voice alarm speakers, passive infrared detectors,

sprinklers, plasma screens, power cables etc..

The building element may have a capacity of up to 600 W/m, preferably substantially
600 W/m. Alternatively, if the air outlet comprises an induction jet, the building element

may have a capacity of up to 800 W/m, preferably substantially 800 W/m.

According to embodiments of the present invention an air conditioning unit is provided
comprising a heat exchanger which forms part of a secondary heat fransfer circuit, and a
plurality of fans, characterised in that a heat transfer fluid flowing through the secondary

circuit 1s a volatile fluid. Preferably the volatile fluid is carbon dioxide.
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10 exchanger may be operable to run with or without surface
condensation. The air conditioning unit may have a cooling capacity of up
to 10 IcW. Embodiments of the invention will now be described, purely by

woayehe@mple, with 15 reference to the accompanying dragdnasaibos/eo3s48

which: FIGURE 1 shows schematically a perspective view of a set of
cabinets containing blade servers having heat exchange cabinets
between them; 20 FIGURE 2 shows schgmatically a flow diagram of an
embodiment of Computer cooling equipment; FIGURE 3 shows
schematically various views of the heat exchange cabinet of Fig 2:
FIGURE 3a shows a front view of the cabinet; WO 2006/032888

AG&d 1658 2088/003648 1R RIEEVREFR8NPWS A0P ’Yﬁwaggqud%%%%%;unﬁ may be

FIGURE 3c shows a bottom view of the cabinet; FIGU

saaienobbrethlngtof 16URBAC ShOMS AYaRe UPUALING SPICh 2 bie wt o

FIGURE 3f shows an upper perspective view 6f the cabinet; an

ge-showsrulpwersaeispective view of the cabinet; FIGURE 4 shows
schematically an exploded view of the cabinet of Figure 3; 10 FIGURE 5

shows schematically views of the heat exchanger of Figures 1 to 4:
FIGURE 5a shows a perspective view; FIGURE 5b shows a top view;

FFlife WRbp&arshOwS B RN may be in the region of 0 to 30°C, conveniently in

‘the region of 12 to 16°C, preferably 14°C.

The heat exchanger may comprise copper pipework and aluminium fins. The heat

exchanger may be operable to run with or without surface condensation,
The air conditioning unit may have a cooling capacity of up to 10 kW.

Embodiments of the invention will now be described, purely by way of example, with

reference to the accompanying drawings, in which:

FIGURE 1 shows schematically a perspective view of a set of cabinets containing blade

servers having heat exchange cabinets between them;

FIGURE 2 shows schematically a flow diagram of an embodiment of Computer cooling

equipment;

FIGURE 3 shows schematically various views of the heat exchange cabinet of Fi g2

FIGURE 3a shows a front view of the cabinet;



FIGURE 5d shows a bottom view; and 15 FIGURE 5e shows a side view;
FIGURE 6 shows schematically perspective views of a computer cabinet
which is a further embodiment: FIGURE 6a shows an upper perspective

wadenicaR e URE 6b shows a lower perspective view; and FIGYRER6s/00364%
shows a detailed view of Figure 6a; FIGURE 7 shows schematically

perspective views of an air conditioning unit which is a further
embodiment: WO 2006/032888 PCT/GB2005/003648 10 FIGURE 7a
shows a front perspective view; FIGURE 7b shows an upper perspective

view: and FURHRE 6,55965 2i519% PRISRRRLYE view: 5 FIGURE 8 shows

schematically a front view of the unit of Figure 7} FIGURE 9 shows

schematiatlia ot petspesiive View of huilding glement which is a

further embodiment; 10 FIGURE 10 shows schematically views of two

embodimertRef hauiiding glements showpiin Figure 9: FIGURE 10a

shows a passive building element; and FIGURE | Ob shows an active

buildingretenTents d 554 4 RE: Meshoraschsmatically views of a fan

cooled air conditioning unit which is a further embodiment;
5 FIGURE 3f shows an upper perspective view of the cabinet; and

FIGURE 3g shows a lower perspective view of the cabinet;

FIGURE 4 shows schematically an exploded view of the cabinet of Figure 3;

10 FIGURE 5 shows séhematicaliy views of the heat exchanger of Figures 1 to 4:
FIGURE 5a shows a perspective view;
FIGURE 5b shows a top view;
FIGURE 5¢ shows a front view:
FIGURE 5d shows a bottom view; and

15 FIGURE 5e shows a side view:

FIGURE 6 shows schematically perspective views of a computer cabinet which is a
further embodiment:
FIGURE 6a shows an upper perspective view;
20 FIGURE 6b shows a lower perspective view; and

FIGURE 6¢ shows a detailed view of Figure 6a;

FIGURE 7 shows schematically perspective views of an air conditioning unit which is a

further embodiment:
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FIGURE I1 a is an exploded perspective view; and FIGURE | 1 b is an
exploded perspective view fro a different angle; and 20 FIGURE 12
shows schematically a further aspect of the invention. A perspective view

woidhweaggmputer cabinets 10 containing blade servers andpmtgfﬁﬂ%gﬁgms

with three heat exchange cabinets 12 is shown in Figure 1. Inlet pipes 14
and outlet pipes 16 can be seen at the lower end of each heat exchange
cabinet 12. Each heat WO 2006/032888,PCT/GB2005/003648 ii
exchange cabinet 12 is positioned along one side of two computer

cabineﬁ@@ggd;a%%g%%ﬂg% lally all,of that side. As each computer

cabinet 10 contains blade servers{or other similarly power hungry 5

compm@q@pm%ﬁ%my%gﬁgﬁ%%g%ﬁg@m heat load - at current

technology in the region of per 800 mm x 600 mm x 1800
mm caligeRETRRSNs £HNBLSRIQIE)siFes may be pro-rated

accordingly. The reason that cabinets having such high heat load can be
placed so close together is that the cooling fluid flowing through the heat
exchange cabinets 12 is highly efficient, being carbon dioxide. 10 The use

IICARIOB giowidle:BentaSendanEoRian i isi Knemp, Rejng described
in UK Patent No. 2 258 298. However, it has not been’previously

considered suitable for IT applications where air cooling has dominated
ever since the field begun, as it is both electrically benign and intrinsically

RIGFORGahonwioxibenis RIgeH icalbnPRAIGRANEIS RQ! Irnisicaly safe, s 1. ;
being fatal at concentrations of between 10% and 30%. ASE}[? %gﬁ?@ Which is 2
fushet ambeidihigly; pressures for effective cooling (50 Bar or above)

leakage could be a real
FIGURE 10 shows schematically views of two embodiments of the building element
shown in Figure 9:

FIGURE 10a shows a passive building element; and

FIGURE 10b shows an active building element;

FIGURE 11 shows schematically views of a fan cooled air conditioning unit which is a
further embodiment;
FIGURE 11a is an exploded perspective view; and

FIGURE 11b is an exploded perspective view fro a different angle; and
FIGURE 12 shows schematically a further aspect of the invention.
A perspective view of three computer cabinets 10 containing blade servers and

interspersed with three heat exchange cabinets 12 is shown in Figure 1. Inlet pipes 14 and

outlet pipes 16 can be seen at the lower end of each heat exchange cabinet 12. Each heat
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problem. The cooling media system incorporates leak detection and
shut-off life safety measures; along with a rejection system to deal safely
with the leaked substance. 20 Figure 2 shows schematically the fluid flow

worsiepdsaspgimary heat transfer circuit 18 and a secondary heatiapsi&dioozsss

circuit 20. The primary heat transfer circuit 18 comprises a compressor
22, a primary condenser 24, an primary expansion device 26 and an
evaporator 28. The heat transfer fluid used in the primary circuit is a
volatile primary refrigerant of conventional composition. WO 2006/032888

R 3 s i e side o fw 'c it 20 i
CUSEEOAETTIS BTSSP AT, s 1

comprises a secondary ich'is cool

2R BRI nWAIGH, GIERWIRIES fluid, a secondary expansion device 34

which reduces the heat transfer fluid to a design evaporating pressure and
a heat 5 exchanger 36, contained in a cabinet 12, which provides cooling
to the surrounding air. The circulating fluid picks up heat from its

A r@éﬁhdi%&;gilﬁéh%Jb@ﬁétem%ﬁ%@ﬁsaﬂﬂdgt%%réo( Qeoa%gosggﬁfgrly power hungry

condenser 30, thereby completing the circuit. Fans’38 circulate air

t&wm&i%ﬁﬁ@kﬁﬁ?*@ﬁé}ggeﬁ@%&l 5830 G CRPIIRS © ?ngl%te}lQ tﬁl I;I(_)rl]ggy in the

heat transfer fluid circulating in the secondary heat transter circuit

cashonodioxidevunsiennres leezm%sma@tﬁg%&fmmcam%ei%gEcomputer

are that it is readily available, inexpensive, and relatively non-toxic an

ﬁ@ﬁﬁrﬁ@]|lé‘ﬂ"tﬂh@ﬁ@ﬁé@ﬂ@?%ﬁ'}fsohﬁﬁé@‘é@&%@fcWﬁérﬁﬁsﬁ&egﬁiﬁénets having

which use non-volatile secondary heat transfer [iquids, such as air,

suRBSHigIRheanaancaioxid e Ry dA8Rradksrtg %ﬁ%%@?ﬁ@g@guid flowing
10 e,

effect is substantially lower due to the high latent heat of carbon [

viherkomepReedxiniheerelalively ow SRR IEMealCBRAGISHE dioxide,
conventional non-volatile fluids cooling

The use of carbon dioxide as a secondary coolant fluid is known, being described in UK
Patent No. 2 258 298. However, it has not been previously considered suitable for IT
applications where air cooling has dominated ever since the field begun, as it is both
electrically benign and intriﬁsically safe. Carbon dioxide is electrically benign but is not
intrinsically safe, being fatal at concentrations of between 10% and 30%. As it must be
used at very high pressures for effective cooling (50 Bar or above) leakage could be a real
problem. The cooling media system incorporates leak detection and shut-off life safety

measures; along with a rejection system to deal safely with the leaked substance.

Figure 2 shows schematically the fluid flow around a primary heat transfer circuit 18 and
a secondary heat transfer circuit 20. The primary heat transfer circuit 18 comprises a
compressor 22, a primary condenser 24, an primary expansion device 26 and an
evaporator 28. The heat transfer fluid used in the primary circuit is a volatile primary

refrigerant of conventional composition.
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media such as air. The carbon dioxide arrives at the heat exchanger in a
volatile state at temperatures 20 suitable to cool a surface area
sufficiently below the room temperature to ensure that heat exchange

wiakes phagss Preferably the temperature is in the region of 14ed§QiBesd4003648

avoid condensation on the pipes and coil, in an environment having a
temperature of 20C dry bulb, with a relative humidity of 45 to 55%. It is

important to avoid condensation becausg,of the risk that water will leak

into adjacent electrical server equipment. WO 2006/032888

PCT/GB2005/003648 13 The working pressure of the system is generally

in the region of 50 Bar, although it may be higher or lower. 5 A number of
viRnesseé dheaheakexehange cabinebd2ag,stown Rbgws 3, The cabinet .
12 comprises the heat exchanger 36, W@I}E?h has an in(I)et é[lgfa?r? %ﬁﬁlsc%t%? which is
A2adedrdisnoseshanihesotiopnapcof thaarbingl A2, Fiys fang. 38, gach .
having its own illuminated power gupp’ly indication switch 44 gr?SCﬁJ%CgMI6exp ansion

adevadighe o rienEdneLoRE Papek-ldhe talinst Job Ehe%%?aﬁwl%érfé%@re and a heat

the computer equipment in use. Air flow through the cabinet is

iieditatedbyshe AERIOR Ei@%MhEWW?I%@H@rJ&%Wﬁgf O rrounding air.
computer equipment to the heat exchanger. The fans are readily

dBrcimtddtiag HAvingian mﬁefmlfmﬁgi@@ﬁmk%%rmgfﬂgﬂte%ﬁ%? 84 returns
replacement. Each fan may have a conventional power supply, an |
3a0dpoweeontiarinledaieket 48,beingry ot ahthe I Utalthe-GADINRt ;o iare o
Alternatively, or additionally, the fans may use an uninterruptible power

shppighoht/RG: @ehshgnwabinarierdehereru P BIRUILY @f operation in
the event of a mains power failure. Typically the UPS will run

The heat transfer fluid circulating in the secondary heat transfer circuit 20 is carbon
dioxide under pressure. The advantages of using carbon dioxide are that it is readily
available, inexpensive, and relatively non-toxic and non-polluting. Most importantly,
however, when compared to systems which use non-volatile secondary heat transfer
liquids, such as air, the mass flow of carbon dioxide required to produce the same cooling
effect is substantially lower due to the high latent heat of carbon dioxide, when compared
to the relatively low specific heat capacities of conventional non-volatile fluids cooling

media such as air.

The carbon dioxide arrives at the heat exchanger in a volatile state at temperatures
suitable to cool a surface area sufficiently below the room temperature to ensure that heat
exchange takes place. Preferably the temperature is in the region of 14°C in order to
avoid condensation on the pipes and coil, in an environment having a temperature of 20°C |
dry bulb, with a relative humidity of 45 to 55%. It is important to avoid condensation

because of the risk that water will leak into adjacent electrical server equipment.
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for a period that is sufficient for the standby generators to become
operational. 20 Threaded captive fasteners 50 are provided for mounting
the heat exchange cabinet to the computer cabinet door. The heat

wexebangess36 is shown in more detail in Figure 5. It is constr@@ﬁ;@;ﬁ%,@mms

copper and aluminium finned coil 52, which is pressure tested up to and

above 100 Bar. WO 2006/032888 PCT/GB2005/003648 14 It has

interlaced coils with dual pipework to prgyide additional resilience in case

of coil failure. A perforated panel 54 is sandwiched between the heat
exchanger and the equipment cabinet in order to provide protection from
damage. 5 Although the heat exchange cabinets 12 are shown in this

TROa] t ings iti : i f p binets 10, .

ey o BB g ha e B ECL s kgt it may
baerfraBt o rea;of the cabinets. Dissipation of large heat loads can be

obtained by placing more than one heat exchange cabinet around the

computer cabinets 10, for example the front and rear might both be

covered. It is even 10 possible to surround each computer cabinet 10 with
Aeateyehangr¢abingis Hek Abamatalyinet N HeFSAE 3 The cabinet
exchange cabinets 12 may be placed inside the computer cabinets 10,

1hesie iieds effebtivenesaisarestiving eased iﬁ@@&h%&%ﬁ%{ﬁ?emg%%‘ﬂhoéisposed
construction is to use a shrouded cabinet, whereby an inlet 15 andan

ayHebstton didrawmaitaiaunhthecempytes. %@H@&vtﬁgﬁ%bafv&ﬁqﬂﬁiﬁﬁ@e% power
amount of dead air. By using such methods and apparatus it is possible

sppbolndlakidargeliinass artupserions SUsIRMIWEEIARAPISAL A0 e cabinet,

Loads of up to 100 kW or more can be achieved
which faces away from the computer equipment in use. Air flow through the cabinet is

indicated by the arrow on Fig 3e, which shows that air flows from the computer

equipment to the heat exchanger.

The fans are readily demountable, having an internal plug and socket arrangement for
ease of replacement. Each fan may have a conventional power supply, an IEC 320 power
inlet socket 48 being provided at the front of the cabinet. Alternatively, or additionally,
the fans may use an uninterruptible power supply or UPS (not shown) in order to ensure
continuity of operation in the event of a mains power failure. Typically the UPS will run

for a period that is sufficient for the standby generators to become operational.

Threaded captive fasteners 50 are provided for mounting the heat exchange cabinet to the

computer cabinet door,

The heat exchanger 36 is shown in more detail in Figure 5. It is constructed from a

copper and aluminium finned coil 52, which is pressure tested up to and above 100 Bar.
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20 by combinations of heat exchangers, whilst a single heat exchanger
can provide loads of up to 20 kW even at the relatively early stage of
development of this technology. An embodiment of a second aspect is

woShanagzdigure 6. A computer cabinet 60 is shown which plspdeiionssas

as a heat exchange cabinet by virtue of having double skinned walls WO
2006/032888 PCT/GB2005/003648 15 62, front and rear doors 64 and
shelving (not shown). Server equipment(not shown) may be stacked in
the cabinet 60. The cabinet uses a volatile fluid, carbon dioxide, as a

18850 ndBIEINgRIARNAS H}E%BPEPH&‘ t;é%:‘iﬂ%& %E@‘ 'r(])ri;nlllzric%k red.aneal .o

exchanger (not shown) being incorporated into ouble skinned 'walls

rafdhe cabinelrdpiglioR.a0d £ ollEL ARMIRENV YK IRIIR rRGENS, B %gcfchanger and the

discharge carbon dioxide. The carbon dioxide Is at a pressure

cgupiantialbind Bak@ndd 138 AdlowIRMRE ke roximately 14C.

The doors 64 have a perforated panel in order to promote the flow of air
through the cabinet. The double skinned surface containing the heat
exchanger may be any 10 combination of the top, sides, bottom, shelving,

Afnpetgioomomear deahafdhasabiaeiaThe. cooling Ciﬁpﬂﬁ'gyéﬁaHQdﬁﬁé%%k‘é\é being
1 mm

per cabinet 600f the standard size 900mm long x 600mm wide x

posglidel othee SR SP B EEBRRNAS IBNEDE NrA AR MP-ANLHIM o1 top of the
accordingly. The cabinet 60 may include integral distribution pipework. 18

cabiiergshélanditeshomastibir dogresbal HednveniRg ca8Malk CONUHARNG of large

unit 70, which provides induction cooling. The unit 70 comprises an air

héatelbd@s adheint exehanyBy HhdayneRniRlebRNR:A0 AREAILMIELPIRE N the
78 and a plurality of induction nozzles 80. 20 The direction of air flow

cahnpugh dkisinent 10, sl wrainpiiomee ffoly Ad0Ws AniERESR@IbIS covered. It is even

possible to surround each computer cabinet 10 with heat exchange cabinets 12.

Alternatively, or additionally, the heat exchange cabinets 12 may be placed inside the

computer cabinets 10, where their effectiveness is greatly increased.

Another effective method of construction is to use a shrouded cabinet, whereby an inlet

and an outlet shroud draws air around the computer cabinet, thereby reducing the amount

of dead air.

By using such methods and apparatus it is possible to cool much larger loads than
previous systems were capable of doing. Loads of up to 100 KW or more can be achieved
by combinations of heat exchangers, whilst a single heat exchanger can provide loads of

up to 20 kW even at the relatively early stage of development of this technology.

An embodiment of a second aspect is shown in Figure 6. A computer cabinet 60 is shown

which also functions as a heat exchange cabinet by virtue of having double skinned walls
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drawn in through the air inlet 72 and mixes with recirculated air which is
drawn in through a base 84 of the unit 70, through the heat exchanger 74.
The fresh air mixes with the cooled recirculated air in a chamber 86

wahmwe/dbmgseat exchanger, and is discharged through the indu€fi@i 005003648

nozzles 80. WO 2006/032888 PCT/GB2005/003648 16 The unit 70

incorporates carbon dioxide as a secondary volatile refrigerant. The

carbon dioxide is at a pressure of approxignately 50 Bar providing a flow
temperature of approximately 14C. The air induction nozzles 80 operate

a2, firessute happoeximalal R RRBAtioRES YR, Jhe heat

exchanger 74 comprises copper pipeEvil/lork and aluminium  1hs ang ey ) may

desigiekkth iunHsveibiwihariase %Bﬁ@@%@é@%%ﬁ'&ﬁ'é%%“]éﬁrbm dioside, as a

condensation. The cooling capacity is up to 20 kW per unit e un

nvegobdanyasfitiedrimthie Hogmicaiingy Rryvalls %M?%i%ﬂ% Eogﬁl@gg%ﬁgnger (not

10 solution is suitable for pedestrian and equipment cabimet traffic

febothmspent dhtiepinventiono alkuidingeelemant A0 shewn in figyre
and 10. The building element 90 is a beam which carries a vaé%&ﬁf fn?et 66 and
buittih Glspipteaskaniiseres haticaliviiatered g sHibinglvidyal buldings. . . .

The beam 90 is ceiling mounted using a 15 uni-strut support 92. ggll%aﬁlsde s at a
mesiteddhsobghntiady Schanael 5 WRIFhGicHate Al N Bely 14°

primary air duct 96 and induction nozzles 98 asﬁshown t|{n %‘%?t?r%r%?e%le‘; C.

heat exchangers 94 incorporate carbon dioxide as a secondary volatile
refrigerant, using a heat transfer system similar to that shown in Figure 2.

Tithe cladzor6di Guiae VIS 12 HaAdIT S SIS Of Inaiely20 Bar
proyiding a flow temperature o?ggproximgtelyolafg%?gc g|Il¥e]8vl’)e°§r%Ir through the
tetinalogy eayiossla PAssae, e waHaikigdyr ekO0aa: hchanger may be any

combination of the top, sides, bottom, shelving, front door, or rear door of the cabinet.

The cooling capacity is up to 20kW per cabinet 600f the standard size 900mm long x
600mm wide x 1800mm high; for other sizes performance should be pro-ratad up and

down accordingly. The cabinet 60 may include integral distribution pipework.

Figures 7 and 8 show a third aspect of the invention - an air conditioning unit 70, which
provides induction cooling. The unit 70 comprises an air inlet 72, a heat exchanger 74

having an inlet pipe 76 and an outlet pipe 78 and a plurality of induction nozzles 89,

The direction of air flow through the unit is shown in Figure 8 by arrows A. Fresh air is
drawn in through the air inlet 72 and mixes with recirculated air which is drawn in
through a base 84 of the unit 70, through the heat exchanger 74. The fresh air mixes with
the cooled recirculated air in a chamber 86 above the heat exchanger, and is discharged

through the induction nozzles 80.
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active variant, as shown in Figures 9 and | Ob. WO 2006/032888
PCT/GB2005/003648 17 The passive variant 100 relies on convection.
Hot air rises to the ceiling and is drawn into the beam through perforated

WebHgE03B38vhich make up its side walls. The air passes throU{HGBReEL003648

exchanger 104, is cooled and sinks, thus assuring the continuous flow of
air through the beam. The capacity of the passive solution is up to
600W/m. 5 The active variant 90, shown i Figures 9 and 10b
incorporates induction jets 98 operating at a pressure of up to 150 Pa
static pressure. Air is drawn up through a central passage 106 in'the
beam 90, passes through the heat exchangers 94 and is mixed with air

fréhe tigtpHimanp giortest @Bhauhichid e elana-ERr oUEIR I UIRIRMIRIS The carbon
98. The cooled air sinks, promoting the flow through of air. The capacity
oflivridictiveatarigntsswip o A6pBOANNTal Tite beap:80dnay PR Whperature of
service beam incorporating other services including, but not limited to,

ligPmiog imoBean d4fghtifbecainirolfidi i Lpish i) ageressiyaiGe: dardr approximately
speakers 110, PIR (passive infrared) detectors 112, sprinklers 114,
prashacsstiesrssared T fowerchiigs: Figesmpdsshovgper fififeaspeah@faluminium
the invention, a fan cooled air conditioning unit 120. The unit 120
cBfpribanRnear ereizangen 100, Svpidialitthofdaiasel 2andefittaioh26s 082 without
control box 128 all mounted on a housing 130. The unit 120 incorporates
bRt I secling ceprdityyivolati 0N erantyir7e. heat transfer

circuit similar to that shown in Figure 2. The carbon dioxide is at a

pressure of approximately 50 Bar providing a flow temperature of

qpproxi_mately 14C. The unit 120 is available as a cooling only or
- The unit 70 may be_mounted in the floor, ceiling, or walls of a room. The floor mounted

solution is suitable for pedestrian and equipment cabinet traffic.

A fourth aspect of the invention, a building element 90 is shown in Figures 9 and 10. The
building element 90 is a beam which carries a variety of building services, and is
aesthetically tailored to suit individual buildings. The beam 90 is ceiling mounted using a
uni-strut support 92. Cooling is provided through heat exchangers 94 which circulate air

through a primary air duct 96 and induction nozzles 98 as shown in F igure 10.

The heat exchangers 94 incorporate carbon dioxide as a secondary volatile refrigerant,
using a heat transfer system similar to that shown in Figure 2. The carbon dioxide will be
at a pressure of approximately 50 Bar providing a flow temperature of approximately
14°C.  The chilled beam technology may use a passive, as shown in Figure 10a or an

active variant, as shown in Figures 9 and 10b.
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cooling and electric re-heat option, incorporating an electric heater (not
shown). The capacity is up to 10 kW per unit 120. WO 2006/032888
PCT/GB2005/003648 18 The heat exchanger 122 is made from copper

wpinessadesard aluminium fins and may be designed to run "wet witsboos/003648

surface condensation or "dry" without condensation. The heat exchanger
process is achieved as the integral fans 124 push or pull inlet air across
the heat 5 exchanger 122 which is then digcharged from the unit 120. The
inlet air may be entirely fresh air and/or recirculated air from the space

bEhevsadhe: discharoed @iy &ﬁ@%eﬁéhém%cﬁ%dc%ﬁﬂ%eﬁ@ [8drawn into

on to air diffusers. Figure 12 shows a further embodiment of the ifivention,

whicheaomBrses Wa dassveaddchilted sigmenis: l%oi%S%devyagst.ypﬂle ajr passes

shown in Figure 10a, but forming a box rather than an elongate beam an

abroppsingintegialdantnis; A sawedianabexd3tis Ia%l}&ﬂgetﬂe contingous flow of

substantially level with the top of a computer cabinet 134, along one of its

sittetyant dre bplowheciBris posiioned wksiamialuevsbwity e top

of the computer cabinet 134 along the opposite side. 15 Air from the

ddwnafiaweboarisnpropeligdwiown PypiscntedialifambpasrssadRiesdldiGion jets 98
computer cabinet and is draw upwards by the integral fan in the upflow

logeraking upfQuesbmx alsapalasDIOPheatit reihe Ntk BINBCHP hrough a central
currents which develop in the region of computer equipment. The cooling

capsgity 0bthethpbewnbok, pretating h aikofcdd ApRAAXINIE ML CdSed with air
around 7.5 kW, the cooling capacity of the upflow box, operating on air of

dpprokinpatelyr 256 inerdanaihickvis drawn down through induction jets 98. The cooled
air sinks, promoting the flow through of air. The capacity of the active variant is up to

800 W/m.

The beam 90 may be a multi service beam incorporating other services including, but not
limited to, lighting 108 and lighting control, PA/VA (public address/voice alarm)
speakers 110, PIR (passive infrared) detectors 112, sprinklers 114, plasma screens, and

power cables.

Figure 11 shows a fifth aspect of the invention, a fan cooled air conditioning wunit 120.
The unit 120 comprises a heat exchanger 122, a plurality of fans 124, a filter 126, and a
control box 128 all mounted on a housing 130. The unit 120 incorporates carbon dioxide
as a secondary volatile refrigerant, in a heat fransfer ci_rcuit similar to that shown in Figure
2. The carbon dioxide is at a pressure of approximately 50 Bar providing a flow
temperature of approximately 14°C.  The unit 120 is available as a cooling only or
cooling and electric re-heat option, incorporating an electric heater (not shown), The

capacity is up to 10 kW per unit 120.
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Any of the above embodiments which show integral fans could,
alternatively or additionally, be connected to computer equipment through
a ducted air system. WO 2006/032888 PCTIGB2005/003648 19 Each

WO U losed in this specification (which term includes tHEE(SRI§S/003648

and/or shown in the drawings may be incorporated in the invention

independently of other disclosed and/or illustrated features. 5 Statements

in this specification of the "objects of thelfvention" relate to preferred

embodiments of the invention, but not necessarily to all embodiments of

the invention falling within the claims. 10 The description of the invention

with reference to the drawings is by way of example only. The text of the

aisubaat fsehiregeni@? it repdatidrhenpps pircwbthespeifidation i and may be

Computer cooling equipment for computer equipment comprises: a
MERSAHe by anse it esewsledsaiidreat ray s feitioaLibedntaiting The heat

secondary heat transfer fluid, a secondary condenser cooled by the

GrirRaRsHaarteah itackirrad aribaistsesrdany 19dapohatopiil inbaliigahess the heat

computer equipment; and is characterised in that the secondary heat

fralsragsUidd s vAioh  tilbomdischpis ek Sonu dry weat ndfer Hulid sandyebe entirely
carbon 20 dioxide. The cooling system is of particular use in power hungry
Phcalt Qi siscdatsrh giofieomshrernssa delopartiChtadisdidiedeair may be
servers as it can produce a heat load dissipation of up to 100 kW,
SoPRistethioueh ﬁpwt%ﬁ fos5558ines com e plichidlsststems. Heat exchange

cabinets, air conditioning systems and building elements using a

Figure 12 shows a finther embodiment of the invention, which comprises two passive
chilled elements 130 132, of the type shown in Figure 10a, but forming a box rather than
an elongate beam and comprising integral fan units. A downflow box 130 isr positioned
substantially level with the top of a computer cabinet 134, along one of its sides, and an
upflow box 132 is pésitioned substantially level with the top of the computer cabinet 134

along the opposite side.

Air from the down-flow box is propelled down by its integral fan, passes through the
computer cabinet and is draw upwards by the integral fan in the upflow box. The upflow
box also absorbs heat from the natural convection currents which develop in the region of
computer equipment. The cooling capacity of the upflow box, operating on air of
approximately 31°C is around 7.5 kW, the cooling capacity of the upflow box, operating

on air of approximately 25°C is around 5 kw.

Any of the above embodiments which show integral fans could, alteratively or

additionally, be connected to computer equipment through a ducted ajr system.
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secondary heat transfer fluid which is a volatile fluid are also disclosed. 20
Claims 1. Computer cooling apparatus comprising a heat transfer circuit
for containing a heat transfer fluid, and an evaporator for cooling

WeoisE8Eguipment, wherein the heat transfer fluid is a vola®dle/fimzhoandscss

wherein the evaporator is adapted to be arranged adjacent to the
computer equipment. 2. Computer cooling apparatus comprising a heat
transfer circuit for containing a heat trangfer fluid, and an evaporator for
cooling computer equipment, wherein the heat transfer fluid is a volatile
fluid, and wherein the evaporator is adapted and disposed adjacent to the
computer equipment. 3. Computer cooling apparatus according to claim 1

diechair@iin dideicsedh toiaseciludiscarhih daxdediG MRRIEEs) and/or shown
cooling apparatus according to any preceding claim, further comprising a

cortiputenwalgnetdprbeoinaining:the LOMP O LMHPMENe RGN O Rher disclosed
cooling apparatus according to claim 4 in which the evaporator is
poditonbotoricdnizofitte sides, the top or the bottom of the computer

cabinet and/or the evaporator is positioned inside the computer cabinet.

6. Computer cooling apparatus according to any preceding claim further
comprising a heat exchange cabinet disposed on a computer cabinet for
Staieaneiny thetbismpetéiiegioiproérihonhiieinsthe ekaparetards cantaines! preferred
in the heat exchange cabinet. 7. Computer cooling apparatus according
endiedmenis whibh thedntiab ckohangaeecessarily to all embodiments of the invention

falling within the claims.

The description of the invention with reference to the drawings is by way of example

only.

The text of the abstract filed herewith is repeated here as part of the specification.

Computer cooling equipment for computer equipment comprises: a primary heat transfer
circuit; a secondary heat transfer circuit containing a secondary heat transfer fluid, a
secondary condenser cooled by the primary heat transfer circuit and a secondary
evaporator for cooling the computer equipment: and is characterised in that the secondary
heat transfer fluid is a volatile fluid. The secondary heat transfer fluid may be carbon
dioxide, The cooling system is of particular use in power hungry applications such as
cooling of computer servers, particularly of blade servers as it can produce a heat load
dissipation of up to 100 kW, compared to 10 kW or less using conventional systems.

Heat exchange cabinets, air conditioning systems and building elements using a

secondary heat transfer fluid which is a volatile fluid are also disclosed,



cabinet comprises a shroud positioned at its air inlet such that incoming
air is drawn from an adjacent sidezgf the computer cabinet to that on
which the heat exchange cabinet Is disposed, and/or in which the heat
exchange cabinet comprises a shroud positioned at its air outlet such that
outgoing air is expelled to an adjacent side of the computer cabinet to
th&®§ which the heat exchange cabinet is disposed. 8. Computer
cooling apparatus according to claim 6 or claim 7 in which the heat

xchange cabinet comprises a plurality of fans tq draw. air thrqugh the . .
o e B Lo R B B i s diiaps =
claims & ighsiphicictiaetanterRoh@Q T asipgcerErayRImetaetersin
panel sa0AWACHSARSNEE s S oRYRPRIRIYRNIHER IFARRRLIS s SakINRtad oted

Computer cooling apparatus according to any preceding claim in which
the eVi8pt &EPWHRTHEREAR A% SRR T IRPERled of a copper and

aluminium finned coil. 11. Computer cooling apparatus according to any

prece GHED HAIRES Hb HARA G TRHERE R W BRN S URPURES 3 ABMMIShg a

server and/or a blade server. 12. Computer cogling apparatus accordi% ,
to any pratEansi el AP ARAERRIPEY oS SRIaRITSRLPRE s Wigrein
preferahbby haattoroB Bafiuibids G auiptiitefilcooding) wippanaths acsosdittg kadapted

claim 33% %‘%ﬁ[{w&a‘;@ééé?i&%hdgevgiﬂcpgfi%ﬁﬁtﬁkgﬂtdaim 3 in which the

temperature e carbon dioxi e evaporator is in the
region of OC to 30C preferably in the
3. Computer cooling apparatus according to claim 1 or claim 2 in which the

volatile fluid is carbon dioxide.

4 Computer cooling apparatus according to any preceding claim, further
comprising a computer cabinet for containing the computer equipment.

5. Computer cooling apparatus according to claim 4 in which the evaporator is
positioned on any of the sides, the top or the bottom of the computer cabinet

andfar the evaporator is positioned inside the computer cabinet.

8. Computer cooling apparatus according to any preceding claim further
comprising a heat exchange cabinet disposed on a computer cabinet for
containing the computer equipment, wherein the evaporator is contained in the
heat exchange cabinet.

7. Computer cooling apparatus according to claim & in which the heat exchange
cabinet comprises a shroud positioned at its air inlet such that incoming air is
drawn from an adjacent side of the computer cabinet to that on which the heat
exchange cabinet is disposed, and/or in which the heat exchange cabinet
comprises a shroud positioned at its air outlet such that outgoing air is
expelled to an adjacent side of the computer cabinet to that on which the heat
exchange cabinet is disposed.

8. Computer cooling apparatus according to claim 8 or claim 7 in which the heat
exchange cabinet comprises a piurality of fans to draw air through the
computer cabinet.



region of 12C to 16C, preferably substantially 14C. 14. Computer cooling
apparatus according to any precedjng claim further comprising: a
condenser, and a primary heat transfer circuit, wherein the condenser is
arranged to be cooled by a primary evaporator of the primary heat
transfer circuit. 15. A computer equipment housing, the housing including
a heat exchanger which is adapted to form part of a heat transfer circuit

Cé?ntair@wngdzs@t:ot&ﬁﬁggﬁgmuwg&eieiﬁaeta%fyt@n,@é%@lé%:@rnpaﬁ% the

a volatile fluid, preferably carbon dioxide, and wherein the heat

excharf& RPINGSI0 D REpsesd RafRERtRAR SRR the
in the revagingid2anbaha tousiigr aatoreing to claim 15, the housing
comprising a cabinet for computer equipment. 17. A housing according to
claim 15 or claim 16 comprising a double-skinned wall having an outer

WAl andArFiEE CORINBRARH AN RITRENE 1R HugEedinthalRgariswhich the

disposedhetarendhamisey waheud dhensmpirwedhst8icfeobsiagcopper and

accordlqg 9n%¥f?r{c C|8.I(I;%ﬁ.l5 to 17 having a top, sides a bottom, shelving

& . i
and a front or rear goor, one or more of which comprise the outer wall
and the inner wall. 19. A housing according to any of claims 15 to 19

hewing @peeliRg seRei Y RhHRUI0RAIMhPrefarghlvedBdR SRk, RBERDP the

mm Ionc%r%%[:t%?gq@igqmvé”n %gml;ﬁggs ranc%nqugﬂe?astélrr\}gpand/or a blade server,

12.  Computer cooling apparatus according fo any preceding claim in which the
circuit is operable at 25 Bar to 75 Bar, preferably up to 50 Bar.

13.  Computer cooling apparatus according to claim 3 or any of claims 4 to 12
when dependent on claim 3 in which the temperature of the carbon dioxide
received at the evaporator is in the region of 0°C to 30°C preferably in the
region of 12°C to 16°C, preferably substantially 14°C.

14. Computer cooling apparatus according to any preceding claim further
comprising:
a condenser, and
a primary heat transfer circuif, wherein the condenser is arranged to be cooled

by a primary evaporator of the primary heat transfer circuit.

15. A computer equipment housing, the housing including a heat exchanger
which is adapied to form part of 2 heat transfer circuit containing a heat
transfer fluid, wherein the heat transfer fiuid comprises a voiatile fluid,
preferably carbon dioxide, and wherein the heat exchanger is arranged to be

disposed adjacent the computer equipment in the housing.



20. A method of cooling computer equipment comprising: circulating a
fluid through a heat transfer circuit49 a heat exchanger which is disposed
adjacent to the computer equipment, wherein the fluid is a volatile fluid,
preferably carbon dioxide.

16. A housing according to claim 15, the housing comprising a cabinet for computer
equipment.

17. A housing according to claim 15 or ciaim 16 comprising a double-skinned wall
having an outer wall and an inner wall and characterised in that a heat

exchanger is disposed between the outer wall and the inner wall.

18. A housing according to any of claims 15 to 17 having a top, sides a bottom,
shelving and a front or rear door, one or more of which comprise the outer
wall and the inner wall.

18. A housing according to any of claims 15 to 18 having a cooling capacity of up
to 20 kW, preferably up o 50 kW, per 900 mm long per 600 mm wide x 1800
mm high cabinet.

20. A method of cooling computer equipment comprising:
circulating a fluid through a heat transfer circuit to a heat exchanger which is
disposed adjacent to the computer equipment, wherein the fluid is a volatile
fluid, preferably carbon dioxide.



